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PATHIS OF DEMLOI-,NT OF STATIONARY GMS TUflEINM ENGINES IN USSR

Go I. Shuvalov & G. . Olkhovskiy

The industrial application of gas turbine engines (GTE) began relative-
ly recently (15 to 20 years ago). In spite of this, the number of engines
being produced by the leading foreign firms of General Electric, Westinghouse
in the UTS., and Braun-Boveri in Switzerland is counted in the hundreds -hile
their total power runs to millions of kilowatts. Sveraldozons of them have
already been operating for 60-70,000 hotirs. Along with the engines of rela-
tively low power (5 - 10 mv), which are widely used not only for the produc-
tion of electric power but also for the mechanical drive on trunk oil and
gas pipelines, in transport and industry, there have been manufactured abroad

.,.ny powerful GTE for large-scale power engineering. The Swedish firm Do-
Laval-Jungstr~m has produced and passed through an operating test the assemb-
lies with a power of 40-45 mv; a number of firms are mass-producing the pow-
er GTE with a power of 15-30 my, gas turbine electro-stations with power up
to 100 mv have been built, and hboting-and power stations with heat output
up to 100 large cals/hr have been, developed. Prom year to year, the individu-
al powers of the GTE are continually rising, while their economic and opera-
tional characteristics are being improved.

A% present the total established power of the power GTE in all coun-
tries in the world amounts to about 5 million Iv (kilowavts), including in-
t.tllations vith individual power of more than 15 my, i.e. about 2 million kv.

The heat characteristics of the largest GTE arc shown in Table 1. The main
indexes of the gas turbine electrostations are givsn in Table 2.

T' In the USSR, the first test-industrial models of stationary GTE were
produced in 1955. All of them (Table 3) had a number of features typical for
the initial stage of a domestic stationary gas turbine construction; moder-
ato level of initial gas temperatures, absence of effective cooling of hot
parts o2 the turbines and the thereby caused wide application of austenite
steels, low forcing of elements of equipment, and multistage design of turbo-
machines, free layouts with numerous hot connecting pipelines of largo cross
sections*

A result of the noted features in the design of the first GTE was their
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bigh specific weights and large dimensions, low mobility, unsa&isfactory oper-
ation of individual units and parts of the tarbines, subjected during opera-
tion to abrupt temperature (to) changes. As a rule, the efficiency values ac-
tually being attained for these engines were appreciably lower than those
planned. The causes for the divergence were different for the various GTEs
inadequate effectiveness of regeneration (GT-600-1.5 and GT-12-3); lower ef-
ficiency of individual turbomachines, especially of compressors (P0-50000 and
GT-700-4); air lealkges from the high pressure ducts; high hydraulic resis-
tances and finally, excessive reserves in the calculations (GT-600-1.-5) In
the latter case, the engine's efficiency is lowered in connection with the
fact that the nominal power of qn electric generator is attained at gas to
in front of the turbine that is lower than that planned.

At the same time, even in these initial engines, we developed models
of gas turbine equipment, not inferior in technical indexes to the fooeign
ones: axial compressors with an output up to 60 m3/sec, the adiabatic effic-
iency of which reached 88",Wie; turbines with efficiency up to 8910; reliably
operating combustion chambers with efficiency of 98-99,1 at losses of full
pressure of about 1j. In all the engines, there was attained a satisfactory
agreement of characteristics of individual turbomachinos and devices.

The experience in mastering the first Soviet GTE was critically devel-
oped by the plants together with the leading scientific-research and training
institutes. The production of gaz turbines was organized at practically all
the turbine-building plants in the Soviet Union. It should be stressed that
the parallel work of the same plants with steam and gas turbines, the crea-
tion ok which requires a higher level of designing and technology, exerted
and will exert from ncv on a creative influence on the practice of steam tur-
bino construction. The turbine builders have learned how to handle austenite
steels, have come to use more widely the welding techniques and now technolog-
ical processing methods, have expanded their experimental base, etc. In the
time since 1960, as a result, a number of leading models of GTE have been
made of a completely different form and class. Among them are:

The GT-700-5 MZL, which is now being produced in a large series for
m in gas pipelines. The three first models of this type of GTU were developed
under a load of more than 10,000 hours each dnd were tested on stand at the
factory and at the Ncvgorod Compressor Station "Refs. 1, 2].

The GTN-9 LM, the pilot model of which was adopted in January 1964
after thousand-hour tests under load at the factory stand of the State Re-
ceiving Commission.

The GT-25-700 LIZ, the adjustment of which, started in autumn of 1963,
is being presently carried on at the T•ET -2 of Kiev-onergo. During fall-vin-
ter of 1963-64, this engined was developed (run) with a load of 15-20 my for
more than 2,000 hour-s without breakdowns or significant malfunctions.

The GTU-50-800 KTGZ, which is being sot up at the TET'-3 of the Kbarl-
kov-energo, and a number of others.

The technical specifications of those machines are adduced in Table 4
[Rof -3 5] As a rule, all these new machines are made to run faster.
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in the layouts of the gas turbine engines, one often encounters a close ar-.
rangement of the turbomachines and ' 1ovices with bearings, in nature inacces-
sible without dismantling the cylinders or even located inside the hot pipe-
lines.A number of turbines on the expansion stage 3-4.5 have only 2-3 stages,
located on the console rotors. The GTE,without generators, with a power of 6
and 4 mv were manufactured by the Ural turbomotor and Kaluga turbine works in I
a unitized design-

Almost all the turbines have an intensive cooling of the rotors and
parts of the turbines' stator, which permits one to use for their manufacture
steels of the perlito and ferrite class at initial gas temperatures of 700-s
8000C. The adjustment and mastery of these GTE demonstrated that their design
principles valiCdted themselves. The mobility and reliability of the engines
under operation rose markedly; they became more sophisticated, light in weight
and economical. However, the designs of the cooling turbines can by no means
be regarded as perfected. In the transition-from a cold to a hot state, there
occur changes in the clearances in the flow-through part that are diTficult
to control. Air leaks develop from the cooling systems within the turbines;
the air losses to cooling are high, as a result of which the parts of the
rotor and stator are supercooled and in them there develop surplus tempera-
ture stresses. All these shortcomings lover the reliability and efficiency of
the turbines, wherein these efficiencies proved even lower than in the ear-
lier produced uncooled designs: for the 2-3 stage turbines, they were at a
level of 80-84%; for turbines with a large number of stages, they were at 85-
870%.

It is necessary to combine skillfully the cooling with the internal
insulation of the elements of the turbine's frame and vith the other kniown
design methods for the stabilization of the clearances in the flow-thr~ugh
part and for the avoidance of residual stresses in the parts.

One should also keep in mind that in the manu~acturod GTE, we havo no-,
succeeded in equalizing the field of temperatures of the working gases at tho
outlet from the combustion chamrners to such a degree to select the material
for gas admission into the turbine and for its first nozzle device, orientirg
oneself on the average (calculated) temperature of the working gases. Ther,-.
fore the designs and .the materials .'or the indicated elements of the tu;'bines
should permit prolonged operation at local temperatures of gas, exceedirg the
average by 30-50 0 C, depending on the design of the tombustion chambers, their
layout, and the fuel being used.

The rise in the individual powers of the GTE to 25-50 my beecime pos-
sible after the devolopment of compressors with an output of 170-175 m3 /sec.
Such compressors on the compression stage 2.5-3 were designed by the LZ and
the KTGZ on the basis of the K-50-1 TITI profile. Natural tests showed that
the adiabatic efficiences of thesi, machines under conditions close to the de-
signed ones amounted to 85-865. These and other now types of axial compressors
for the stationary GTIE, developed in reccat ye,.rs by domestic factories have
fair economic siecifications (accordinJg to tests at G = 30-50 k./sec and • =

=3 -5 - ad = 86-87%). However, not in .any one of them was there attain-

ad &n efficiency of 89-90%, that was obtained many years ago by'the M for a
GT-12-3 in compressors with profilos K-100-4 or TKZ in the well-known compres-
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sor based on the GTU-42. The basic cause for this is the circumstance that
for practical purposes, the plants do not engage in the finishing of already
produced natural compressors in the sense of establishin, the optimal pitches
of the blades in the individ..al stages, tho optimal axial and radial clearan-

S~ces, the improvement of the conne.•ting pipes otc. At the same time, the exper-

ience of the VZL, obtained on the GTIU-700-12, indicates that with the aid of
relatively simple methcds in these directions, the efficiency of the compres-
sors can be significantly improved even at a high (88-89,11) original level.
In addition to the further increase in the efficioncyofthe main design prob-
lem for these machines is the aesurance of the necessary rigidity and stabil-
ity of their housings for the retention of constant ":esign radial clearances
in the flow-th,'ough part. Validated and useful for reducing the radial clear-

ances is the method of applying a special cement to the inner surface of the

The difficulties involved in operating the compressors is linked with
foulingi of the fi.nv-through part, which can have a varying nature in de-
pendence on the positioning of the compressor in the GTE layout and cause for
500-1000 hours a drop in output of pressure and efficiency of compressors by

The rise in the operating speed of the turbomachines, the increase in

the load of individual stages. the development of light and stressed designs
place more rigid requirements On the sophistication, precision and production
quality of the ecuipment. Unfortunately, our turbine-producing plants do not
always meet these stipulations. It is quite clear that the further progre'ss
not only of gas turbine construction, but also of 3team turbine construction
will be impossible without a marked improvement in the quality control by way
of bettering the technology and raising the technological discipline.

The majority of the stationary GTE of this period were planned with
reprocessing (of the fuel), while the largest of them were planned to have
intermediate cooling of air under compression. The further design development
resulted in a regenerator based on profile punched-out sheets, than had been
made for a long time by the NZL. For the GT-700-5, this regenerator was made
as a counterflow model. At F = 1400 man, the recovery stage comprised 70-7:2%
[R•ef.- 21.

For the GTN-9 and GTU-50-800 engines, the LIZ and *KGZ planned and
produced the counterflow .egenerators, in which the heating surface was formed
by pipes with longitudinal ribbing along the gas cide. In the GTU-50-800 re-
generator, we attained a compuctness factor of 235 mi/m3 and a specific weight
of 4.4 t/mv [Ref. 6].

As tests have shown on an analogously designed regenerator GTN-9, it
he.s specifications close to the designed ones. In the course of over 1000
hours test operation with repeated starts and sto-3 of the gas turbine engine,
these charact9ristics hardly varied.
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Table 3

Nomenclature GT-600-1.5 : GT-700-4 s PG-50000 GT-12-3

Year produced 1955 1957 1956 1955

Barometric pressure, B,bar 0.981 0.981 0.08i 0.981

TO before turbine, tdo t,0C 546-600 700 600 650/650
TO before compressor, OC +5 +15 +5 +17

tdo k
Power, N, kv 1500-1880 3810* 1800 12 740

Rated power N , kv 1500 4000 2210 12 000

Efficiency, Iq , % 16.9-18.8 16.0* 14.8 24.5

Rated efficiency, Ir9' 18.6 25.0 10.0 27.0

klax abs pressure, P axbar - - 4.78 34•4 13.9

Ratio of t Ido t/Tdo k 2-965 3-14 3.38 3-14 -

Reduced ratio Tdo t/Tdo k

x 2-185 2-315 2-355 2-10 -

Uceful work factor,N/•Nt 0-273 0.32 - 0-249 0.294

Specific work N/G , kil-
ojoules/kg 50.8 63-4 85-6 53-5 145.5

Relative pressure los-
Bst / C' % 13.0 5.8 12.0 9.0

Dagree of recovery, Or, % 61'3 - 54.8 66.7
Effective degree of re-

covery o*, 24-9 - 35.4 58.1
Fuel savings, aQ, % 31.0 - 32.5 23.5
Effective fuel savings

85*, % 13.4 - 48,3 20.4
Turbines TR TWD

Degree of expcnsion, &t 3-275 4.36 3.21 3.06 4.43

Available heat drop 4ii kil-
ojoules/kg 250 326-5 258-7 258-5 3-44

Ratio, (u/c) sr 0.616 0.57 0.52? 0.621 0.500

Efficiency of turbine M,% 85-7 84.8 85-5 89.2 86.0
Compressors VKND VKSD VKVD
Number of stages, z 16 22 8* 9 12 20
Volume output v, m3 /sec 24-4 37-0 35.6** 55-5 25.0 12.3
Degree of pressure rizo,EK 3-6, 4.71 2-85w 2-39.2.08 2.60
Degree of reactivity, D 0.5 1.0 1.0 1.0 1.0 1.0

P/ricorl, 230 - 228 169 138 119

Mean pressure factor, Jav 0.33 0.63 0-59 0.67 0.67 0.695
(ta•ble cont'd on next page)



Table 3 (cont'd)

Nomenclature GT-600-1.5 : GT-700-4 :PG-50000 GT-12-3

"WARD WM VVD

Efficiency of compressor,

k' 87 82.5 78 88 90 85

Combustion cham•bers KSVD KSND

Fuel M2 Natural gas DL DL

Surplus air factorO1 8.6 5.8 8.1 8.4 5.1

Hleat stresaos of furnace
spaces Q/pv,gcal/ra3 .hr.at 2.64 1.61 2.23 0.38 1.00

1.. 3 .bar 3.07 1.87 2.53 1.03 1.16

Pressures losses bp/p,% 1.17 2.10 1.49 1.2.5 1.12

Heat efficiency, 1j /,% 98-5 99 99 98 97

Aerodynamic efficiency, k' 95-4 91.9 94.1 96.7 95.5

Total efficiency, 9k,• 94.0- 91.0 93.1 94.7 92.5

Regenerators

Mean to pressuro, A•t 98 - 102 82
C &v

Heat transfer factor, k,
va ttc/ma, CC, 33.7 - 19.8 26-7

large cal/m4.hrs. C 29.0 - 17.0 22.8

Pressure losses Ap/p,% 9.55 - 3.91 3-24

* Without recovery
.i COD.

The combustion chambers of the GTE under consideration, very diverse in
designs and operating parameters are intended for the ignition of one forr• of
fuel, nanmely natural gas. The efficiency of these combustion chambers equals
98-99Y* at r.ressurc losses of about I - 1.5- (with the exception of the KTGZ
chambers, where A r/p = 2.5 - 3,)- ilovover, as before, these indexes are ob-
tained at the cost of increasing the dimensions of the combustion chambers.
Even in the most improved designs, the differences between the maximal and
average to of the gas in front of the turbine amount to 40-600, which consti-
tutes their basic disadvaxtage.

The experimental studies conducted by the plants and the scientific-
research organizationz ( TKTI, VTI, KPI, etc.) furnish a basis for hoping that
combustion in analogous combustion chaebers of li-uid fuel or the combined com-
bustion of liquid fael and natural gas does not cause any major difticulties.

-8-



Table 4

LUZ KTGZ INZL 4
Nomenclature -

GT-25-700 GT-50-800 GTN-5-700 -ATN-9-750

Power, kv 25,000 50,000 41400 £i9,000

Fuel 0 G 0 0 -G-

;'Total extent of pros-
nure rise 9.4 18.0 3-9 4.6

Outer air tO°oC 17 20 15 17
TO before turbine, C 700 800/770 700 750

Degree of recovery 0.8 0.7 0.75 0.65
Engine' efficiency,% 28.0 33.5 25.0 26.0.

Air consumption, kg/sec 187 200 45-3 78-5

Consumption of water
coolant, m3 /hr 2,000 4,000 - 0

Specific weight 2 of
engine, kg/kv 24.5 13.1 22 -

Dimensions of engine
room, m 18X36X17 21X27X20 - -

Specific area,m2 /kv 0.026 0.010 - -

Specific volume, m3/kv 0.44 0.227 - -

E Efficiency at generator terminals for power installation and at
supercharger shaft for compressor device.
Within the delivery limits of the plant.

The basic difficulties originating during the changeover to heavy brands of
liquid fuel are not associated -with the operation of the combustion chambers
or o'L the fuel systems, but with the deposits on the turbine blades and with
vanadium courosion of the blades' metal. Tests conducted in the VTI on the
GT-600-1.5 gas turbine installation on the combustion of brands 1440 and Y60
fuel oil (mazut) demonstrated that oven at t = 550-6000C, when the main com-
ponents of the fuel ash are in solid state, the power of the GTE diminishes
from the deposits of the ash components on the turbine blades by 2-3% in a
day. The use of inorganic additives to the fuel lowered this figure to 31.0-
1.5% per day. In operation with fuel oils with an additive of kaolin ýo the
fuel, in the root part of the Zuide blzdes of the turbine's last stages, there
occurred an erozion. 'hich proved to be avoidable by the installation of remov-
able xhie]4 flaps.

The question of the use of heavy liquid fuels is at present quite
-9- !



acute: even for the "gas" electrostations, it is mandatory to have at hand a
reserve) liquid fuel; for the peak gas-turbine stations, liquid fuel is basic,
since the peaks of consupption of electrical energy and of fuel coincide. How-
ever the offorst being applied for its solution are obviously inadequate, es-
pecially in regard to the accumulation of operating experience on actual GTE
with sufficiently high initial gas to, with the addition of the necessary ad-
ditives to the fuel.

Quite promising are the special gas-turbine fuels [nuf. 7], scarcely
containing any ash or vanadium, and developed in the USSR. However, for thier
use in GTE operating for prolonged periods, the cost of these fuels should be
reduced.

The questiins of the assurance, in the operating process, of the nec-
essary working regimes of the GTE and their control do not at present limit
the development of gas turbines.At the same time, the automation of the GTE
is inadmissibly lagging in the Soviet Union. r.&ny elements of the automation
system are insufficiently reliable. There often are cases of the cutoff of
assemblies owing to the false activation of some safety device or other. The
systenr of complex automation and remote control of the GTE have not yet been
developed by us.

i aThe complete and proper use of the positive qualities of vhe power GTE
is maae difficult from the fact that the planning of th'! gas turbine electro-
stations is conducted by various departments of the institute of the Heat
Electrical Project with the necessary coordination, vithout mutual consider&-
tion of the positive ai& negative experience, As a result, the specifics of
the GTE (the close tech.nological ccnneetion of the individual elements, the
effect, the features of the layout, the increased effect of th-) hydraulic re-
sistuncet in the ducts, the rceair and operational features, the necessity
of combatting noise ii the engine room and on the street, etc.) is not always
considered to the required extent. The Institute of the Heat Electrical Pro-
ject should control more rigidly and clearly coordinate the work of its de-
partmentz. In particular, it is vcry important to use quickly and correctly
thec results obtained from successful studies on noise suppression conducted
at the Th*T -2 of the Xievenergo.

As iz apparent from the brief survey made above, Soviet gas turbine
construction, notwithstanding individual difficulties in growth, in recent
years has undcrgone zubstantial development. This growth could be even more
significrant, if we could eliminate the quite inadmissiblc delays in the intro-
duction and assimilation into operation of the leading models of the new GTE,
caused mainly not by technical but by organizational reasons, in which both
the design-assembly organizations, as well as the turbine-construction plants,
arf. at fault. As a result, ther2 is delayed tho test operation of the fitness
of the solutions incorporated in the design, which naturally in turn hampers
the further development of the gas-turbine construction.

At the present time, a number of domestic plants, on the basis of ex-
perienco in the adoption of the models described above, are conducting the

planning of large power GTE. For instance, the LMZ is conducting the planning
of a unique (in technical and economic characteristics) cheap unitized GTE

i~t Al. .... 1....



with a power of 100 my [Rof. 8]. The Khan'kov Gas Turbine Plant (KTGZ) is
conducting a number of studies on the new GTE (gas turbine engina). At the
same time, unfortunately, the question of the ways and scales of use of the
gas turbine installations in the power system of the Soviet Union continues
to be debatable up to the present time. Of course, one of the main use for
such a circumistance is the slow assimilation of the engines already made.,

Along with this, still not fully clear are the problems connected with
the possibility and the economic feasibility of using, in the .power GTE,
various liquid fuels and natural gas, and also the most ofre&Ivc ',T'73 and pos-
sible scales of the use of GTE in power engineering.

The domestic and foreign developments indicated that a GTE with initial
gas to of 700-800 0 C is above all feasible to use as fairly simple and econom-
ical peak and heat-fixation assemblies, and also in the system of steam-gas
installations for the covering of the base load. The planning studies showed
that the gas-turbine TETS can be cheaper by 30-401of than the steam-turbine ones
of the same power. The specific cost of the powerful peak gas-turbine stations
will amount to 30-35 rubles/kv.

Under the planned considerable growth of the power systems and the tan-
dency toward a compactness of the load diagrams, in the immediate years there
will be required the constmrction of peak gas turbine electric power stations
of fairly high power (6 X 100 and even 12 X 100 my). Along with this, there
will also find application the economic and mobile peak installations of less
power (25 and 50 my).

The appreciable lowering by 13-15% of the specific construction costs
f the electric stations as compared with the steam turbine units of the same

power and using the same fuel should be brought about by the application of
steam-Cas installations, made to include a high-pressure steam generator. In
addition, those installations should furnish a fuol saving' of 5 - 8%.

We also consider that the GTE of relatively low power (50, 25, 12 my
and even I -s) can find use as basic power installations in a whole series of
actual ca~es: in small power systems, in remote or arid localities, near
large gaz deposits, etc. In example of such stations is the present construc-
tion in the Sovie' Union of gas turbine stations 4 X 12 X and 4 X 25 mv. In
our country, the number of such stations can bo sufficiently large, no matter

how the electrical networks and intersystem !inks nave beer developed.

'Lter thc solution of the yroblem with the liquid cooling of the blades
in the gas turbines and the achievement of initial temperaturcs" of 12000C, and
higher, the efficiency of the gas turbine installations made according to the
simplest h-yout, exceeds .03, while thcre are individual potrers of 200 - 300
-.V Such instaLllations can undoubtedly find wide application as basic ones for
large electro.tations in place of the steam-turbine units using the very same
fuel. The technological base of the turbine-constructing plants in recent
years is being improved, and new technological proce3sing methods are appear-
ing. This places on a real footing the creation of gas turbines with liquid
cooling of the blades.

.....-...



Understandably, the enumerated trends do not exhaust all th3 possi-
bilities of the use of the gas turbine en-.Ines in too-er eninteoring or in
other branches of tho socialist economny. After the accumulation of' ex-
perience in the planning and oneration, counled with the completion of a
number of research projects already underwny, there will become possible a
further development of the GTE, and an increase in their power and economy
of operation.
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USE OF PETROLEUM FUEL AND DISSOLVED ADDITIVES FOR LOWERING VANADIUM
CORROSION IN GAS TURBINE ENGINES

R. A. Lipshteyn et al.

The operation of gas turbine installations using commercial fuel oils

is impossible for two reasons:

at an ashing of the mazut by 0.10 - 0°155, the flow-through part of the
turbine will quickly become plugged, requiring frecuent atoppageo of the gas
turbine eng:ine (GTE) for cleaning (a test operation of the =3E 600-1.5 using
brand 20.60 boiler mazuts showang an ash content of 0.O8-0.13%, demonstrated
that the turbine becomes blocked with deposits in 2-4 hours of operation so
intensively that it is necessary to lover its power by twice [Ref. 1]);

the vanadium contained in the sulfurous residual fuels, especially in
the presence of sodium, causes a catastrophic corrosion of the metal in the
turbine's blades. (During the operation of the turbine on fuel containing on-
ly 0°o1O"l vanadium, after 100 hours there occurred a clearly manifested corros-
ion of refractory steels at a temperature (to) of 8000C [Ref. 1]).

The following ways of solving the problem of the extended and reliable
operation of a GTE using liquid fuels are possible:

I. The use of low-ash fuels (with ash content of less than 0.03%), con-
tainiag almost no vanadium (less than 0.0005•'), not requiring a prior washing
with vater or the use of additives. As such fuels, we can use. the distillates,
obtained as a result of the secondary processing of the products of sulfurous
and low-sulfur petroleums (coking distilates, heavy gas-oil from catalytic
cracking etc.), and also the lo-w-ash residual products derived from reproces-
sin; thp law-sulfur vanadiumless oi-l- (as a rule, vanadium is contained in the
suflurous petroleums). The problems of the choice of the production technique
and the tests of similar fuels were worked out in the VNIt1"NP, GROZNII and VTI.

2. The use of conventional commercial boiler fuels unler the stipulation
of the adoption of measures assuring the avoidance of blockage Gf the turbine
by deposits and avoiding the origination of vanadium corrosion of the blades'
metal.

-13-
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At the present tire, thcr- are no developed (even under laboratory con-
ditions) additives to a fuel, reliably avoiding the blocking of a turbine by
deposit.s. The sole actual method, lowering the accumulation, is the reduction
of the fuel oil's ash content by flushing it with water in the presence of a
de-emulsifier and the separation of the water from the hot fuel in a contri-
fu0e [RFef. 2]. Unfurtunatoly, this step is too expensive and unwieldy, and
hence is hardly acceptable for electric powe stationz. Evidently, this moth-
od could find application for seagoing vessels, equipped with GTE, since they
are compelled to refuel in a number of countries with different fuel, includ-
ing that having an increasad ash content.

, •.. 1 ,"

1: 7.% t.

gFiure I. Effect of Additives on V.hnadium Corrosion (with the exception
of loss s from electrolytic cleaning) of EI-405 Steel at Various Temp-

eratures.
1 - di:sel fuel, sulfurous; 2 - diesel fuel, sulfurous with +0.03% V

and 0.00193% Na; the othors, the same as 2, + additives.cap.ions in figure: a) corrosion, g/m 2; b) ZI-4Ot;(others read as is)

More acceptable for the electric power stations, it seems to us, in ad-
dition to Aie basic first approach, is the following one.

t -!11 r IT
; IO

F ig rc 2- 7Xffect of Additives on Vanadium Corrosion (with the exception
of losses from electrolytic cleaning) cf E..-!T Steel at Various Temp-

eratures. For notations, refer to Figure I above.

3. The use of lo'-a-sh fuels, including the residuzl ones (ash content
Sno* more than 0.05;), containing vanadium and sulfur in on ar;ount correspond-

ii.. to the concentration of these elements in oil and depending on the proc-IL e: ;ing techniq-io. The ootainment of such fuels should not create any special
A, d fficultizs at the petroleum refineries. There is required only the conduct

"= -14-
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of. a good desalini'ication of the petroleum entering to be processed. The
use of such fuels for the stationary GTE does nct lead to a rppid plugging
of the turbine by deposits. The latter should be relatively minor and evi-
dently their removal can be achieved by rinsing the turbine with hot water
without disassembling it [Ref. I]. However, these fuels at gas temperatures
above 600 0 C will cause the vanadium corrosion of the blades. Therefore, the
use of these fuels is possible only in the presence of a highly effective ad-
ditive, avoiding vanadium corrosion.

In the capacity of such additives, the most effective have been the
substances containing Mg, Zn, Si, P, Al, Ca, and Ba.

The additives are divided into: those soluble in fuel (e.g., Mg, Ca,
Zn, Ba salts of carbonate and sulfo-acids, silicon-and phosphoro-organics);
those soluble in water (e.g. the sulphates 1g, Al, ammonia liquor and nitrates
of Ca); dry powders, insoluble either in fuel or in water (e.g. the alumo-sil-
icates-kaolin, galluasito etc., dolomites, talces, aluminium powder).

A number of authors (Refs. 3-9] have engaged in a study of the )ffoct-
iveness of action of additives under static conditions in model fire stands
and in industrial gas turbina installations.

In the present report, we have presented the results of test conducted
on a fire test. stand of a number of substances, soluble in fuel as additives
reducing the vanuadium corrosion. The fuel being tested contained 0.03% V,
0.007 ':,L and O.9,3 S.

As metal samples, we use plates made of EYA-IT steel and part of the
blades of the GTU-600-l.5 turbine was made of EI-405 steel.

The latter steel wans chosen owing to its high heat-resistance and low
resistance state to vanadium oorrosion as a result of the presence of mol:jb-
denun in it. This permitted a limitation of the test duration to 5 hours, in
the course of which during the burning of the indicated fuel, there occurred
a fairly intensive vanadium corrosion (at 9000C, 100 Z/M2).

The method used in conducting the tests on the stand and also its
layout are described 4ai Rcf- [10]*

A study was made of the ability of the naphthenates Hg, Ca, Zn, Al and
also rf' polymethylsiloxane (tectnical product, PMS-15) to rc4uce the vanadium
corrosion.

In all these tests, the ratio of metal and silicon in the fuel to van-
adium equalled 3:1 (by weight).

We have presented data in Figures 1 and 2 regarding the effect of the
indicated products on the vanadium corrosion of steelu at test to of 7000C to
900CC.

At 7050 C under the given test conditions, all of the tested substances,
with the exception of zinc naphthenate, completely prevented the vanadium cor-
rosion. The negative weight of the less in the metal is undoubtedly imaginary
and is obtained only as a result of calculation (difference between the los-
ses. in the weight of the steel after the test, and the electrolytic cleaning
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and 108ses in ';eight of the original steel specimen, not subjected to testing,
after electrolytic cleaning). The negative significance of the corrosion in-
dicates. that. as a result of tile testo the steel proved muorc resistant to the
electrolytic cleaning than the originalJ sample prior to the test.

4%t 810 0C 9 only thc mzagnesiumn naphthcixates anid the polymnethylsiloxanes
prevented the vanad~um corrosion. However, even at tuis t0 , there occurs a
certain advantr~go in the mzagacsium additive over the silicon one in the test.

igof the MA-.T steel. The calcium naphthenate reduced the vanadium corros-
ion somewhat, bu~t to an insufficient extent, The naphthenates of zinc and a&I-
umium are of low ef~fect~iveness~. At 91000,. only the magnesium naphthenate re-

tandits ability of preventing corrosion almost eptirely. Under these condi-

It ins rs~i 'too aotu that if the activity of all the additives
at a rise in tO from 8l~to 91'00C falls f-bruptly, the ability of calcium
uaphthenate to reduce the vanadium corrosion is slightly diminished. At 9101CC,
the effectiveness of the action of~ calcium naphthenate and of polyi-cthylsilox-
ane proved similar to each other, but for both additives, the result was not
adoquate.

-]Based on what has been indicateifd, additives were developed containing
Mgand Sit the production of vhich can be organized on an industrial scale.

The results of tests with these additives inoa model fire stand are presented
in Tubles I and 21 (cor.,-osiun values arc given in g/m 2).

The magnesium additive No. 50 [Soo Note] (test 36) is .4imilar to magn-

nesium naph~lenate (at a ratio of M!gtV =3 : 1?) prevented almost entirely
the vanadium corrosion of the BI-405 and EY -1T steels in the entire range of
temperatures from 7000C to 9000C. ([Note]: Brand VrTI).

The techniical product No. 51, containing Si (test 33) at ratio of SisV=
* -2 : 1, proved~sitoilar to the poly~methylsiloxano, effective only up to 8000Co

At increase in the tO up to 90000,9 the additive's effectiveness decreased.

The attempt to reduce the quantity of this additive (ratio Si:V =0.7:1)
did not succeed (test 34). At a diminished concentration, the additive's ef-
fectiveness w.1s reduced.

The addition of green oil to the ethylsilicate (comapare tests 34 and
35) decreased corrosion slightly at 9000C. Thus, the corrosion of the EI.-405
steel in the presence of tile green oil diminished from 43.3 to 27.7 og/m 2

although even this was inadmibzibly higl'.

The triple mixture of magnesium additive, the product of No. 51, and of
green oil (test 39) has a high effectiveness, notwithstanding the lowered mag-
nesium concerntration (Mg:V =1:e

Conclusions

VON. We have reviewed ways for s-olving; the problem of the prolonged and
reliable operation of stationary gas turbine engines using liquid fuels.

2. As additives for lowering the vanadium corrosion, there were used
in a fire stand thec naphihenates of ,Mgt Zn, 4l, Ca, and polymethylziloxane,
all of which were soluble in the fuel*
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Table 1

Effect of Additive on Vanadium Corrosion of EI-405 Steel, g/m2

No. of Characteristics Sample temperatures,
tests of fuel an additiveC

900 800 700

6 Sulfurous diesel fuel (S = 0.9%), with-
out ash (no V or Na).........,, 11.1 6.1 3.0

40-43 Diesel fuel, containing 0.03% V and
0.00103% ra ............-..-...- 105.0 49.0 9.0

36 The same + magnesium additive No. 50
(MgV 1.12.1 649 -0.3

33 The same + No. 51 silicon additive
(sv =.36.2 1.3 3.3

34 The same + No. 51 silicon additive
(Si:V = 0.7:1).-..................43.3 11.6 -1.2

35 The same + No. 51 silicon additive
+ green oil 0.5% (composition No. 54)-. 23.7 13.6 1.5

39 The same + magnesium additive (Mg: V =
1:1) + silicon additive (SisV = 2:1) +
+ green oil 0.5;" (composition No. 56).. 11.4 7.4 -3-5

Table 2
Effect of Additives on Vanadium Corrosion of E -1T Steel, g/m2

No. of Characteristics of fuel and additive Sample temperatures,OC
tests 900 800 700
6 Sulfurous diesel fuel (S= 0.9."•P), vith-

out ash (no V or Na).............. 10.4 9.2 1.5
40-43 Diesel fuel,containing 0.031V V and 0.00103% 114.0 62.0 14.0

Na
36 The same + No. 50 riagrnesium additive(,> 8.5 7.1 -2.5

0,gV -q 3:1) --...........----.

33 The same + No. 51 silicon additive 34.9 2-1 -3.0
(Si:V = 2:1)....................

34 The same + No. 51 silicon additive j
(Si:7 = 0.7:1).-.............--..-.. 35.9 12-2 0.05

35 The same + No. 51 silicon additive + 0.5%

green oil (composition No. 54)..... 28.9 17.2 1.6

39 The =ame + magnesium additive (M.g:V =

=.1:1) + silicon additive (Si:V
= 2:1) + 0.-55 green oil (composi- 9 2.85 -1.9

tion No. 56)... ---....
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